A porcine bacterial artificial chromosome (BAC) library consisting of 103 488 clones has been constructed. The average insert size in the BAC vector was calculated to be 133 kb based on the examination of 189 randomly selected clones, indicating that the library contained 4 . 4 genome equivalents. The library can be screened by two-step PCR. The first screening step is performed on 22 superpools, each containing 4704 clones (49´96 well plates). In the second screening step, 49 plates comprising a superpool are arrayed in a 7´7 matrix and 4D-PCR is performed. Screening of the library superpools by PCR for 125 marker sequences selected from different regions of swine genome revealed 123 sequences, indicating that the library is not biased. Subsequent screenings (4D-PCR) were successfully applied for identification of clones containing each marker sequence. This porcine BAC library and the PCR screening system are useful for isolation of genomic DNA fragments containing desired sequences.
Introduction
To aid in the identification of genetic regions or genes responsible for economically important traits of pigs such as meat quality, more than a thousand genetic markers have been developed and linkage maps have been constructed using pig reference families (Archibald et al. 1995; Rohrer et al. 1996; Marklund et al. 1996) . Furthermore, linkage between traits and markers has been investigated, revealing genetic regions responsible for traits such as back-fat and ovulation rate (Andersson et al. 1994; Rathje et al. 1997) . We have also developed a pig reference family and a linkage map of markers using an intercross of the Go È ttingen miniature pig and the Meishan pig as a contribution to the porcine genome map (Mikawa et al. 1999) .
As an extension of these studies, the focus will be to determine the genes responsible for those traits by using a positional cloning strategy. A porcine library comprising clones with large genomic inserts is a prerequisite for efficient positional cloning of genes. For this, a porcine yeast artificial chromosome (YAC) library has been constructed (Alexander et al. 1997) . Although YAC libraries have been used in analysis of swine as well as other mammalian genomes, there are several difficulties with their usage. Firstly, preparation of YAC cloned DNA is difficult as compared to the bacterial system because of the rigid yeast cell wall and the comigration of cloned DNA with yeast chromosomal DNA during gel electrophoresis. Secondly, the cloned DNA in YACs is often chimeric, consisting of DNA segments found in different chromosomal regions, especially in clones having inserts larger than » 500 kb (Anderson 1993; Alexander et al. 1997) . Thirdly, deletion of sequences is observed in some of the clones in the YAC library. Therefore, in order to circumvent the problems of the YAC system, BAC libraries have recently been constructed for several species including human (Asakawa et al. 1997) , mouse (Research Genetics, Huntsville, AL), goat (Schibler et al. 1998) and cattle (Cai et al. 1995) .
In the present study, we have constructed and characterized a porcine BAC library comprised of 103 488 clones, which may be useful as a tool for porcine genome analysis.
Materials and methods

Preparation of high-molecular-weight DNA
A kidney excised from a boar of Large White/ Landrace/Duroc composite was minced, treated with trypsin, and cultured in Dulbecco-modified MEM (Gibco BRL, Rockville, MD) supplemented with 10% fetal calf serum in an atmosphere of 5% CO 2 . After 2±3 passages, cultured cells were stored at ±80°C until use. Cells revived from the ±80°C stock were cultured to examine their karyotype prior to the preparation of DNA. Karyotyping was performed by G-banding as described by Verma & Babu (1989) . Cultured cells with normal karyotype were suspended in Buffer L (100 mm EDTA, 10 mm Tris±HCl, pH 7 . 5, and 20 mm NaCl) at a final cell concentration of 3´10 7 ml and mixed with an equal volume of liquefied 1 . 2% low-melting agarose made in Buffer L. The resulting mixture was solidified and subjected to in situ DNA preparation following the procedure described by Shizuya et al. (1992) .
Construction of BAC library
High molecular weight DNA in the gel was cleaved partially with HindIII, and subjected to pulse-field agarose gel electrophoresis to obtain fragments ranging in size from 145 to 190 kb (Asakawa et al. 1997) . These fragments were then ligated into pBAC-Lac vector, and transformed into DH10B Escherichia coli (Hanahan et al. 1991) , as described by Asakawa et al. (1997) . Individual white colonies were transferred to wells of 96-well plates containing LB medium with 7 . 5% glycerol, and the plates were incubated overnight at 37°C, then stored at ±80°C. The two-step screening of the BAC library (superpools PCR and 4D-PCR) was conducted as described by Asakawa et al. (1997) . Briefly, the first screening step was performed by PCR using primer sets for desired sequences and using superpools as a template to determine which superpools contained the sequences. Then, in the second step, 4D-PCR with the primer sets was performed on the clones of the superpools containing the sequences.
Characterization of BAC library
DNA was prepared from 189 randomly selected clones. The DNA was cleaved with NotI and subjected to pulse-field electrophoresis with molecular size markers of lphage DNA ladder (Bio-Rad, Hercules, CA), in order to determine size of the porcine genomic insert in the clones.
Primer sequences for 124 microsatellites selected from different regions of swine genome (Rohrer et al. 1996) and for SRY (Pomp et al. 1995) were screened across the library, in order to examine genome coverage. Fifty-three micro- Porcine BAC library satellite marker sequences were then randomly selected from the sequences present in the superpools, and 4D-PCR screening was performed on each. The corresponding clones were subjected to PCR to examine whether or not the fragments were amplified for the expected size, and as to whether they contained the microsatellite sequences.
Results and discussion
The porcine BAC library constructed in the present study is comprised of 103 488 clones arrayed in 1078 96-well plates. The first screening step was performed on 22 superpools, each consisting of 4704 clones (49´96 well plates) (Fig. 1A) . In the second screening step, 49 plates comprising a superpool were arrayed in a 7´7 matrix and 4D-PCR was performed (Fig. 1A, B) .
Characterization of the library using 189 randomly selected clones showed that 180 clones (95 . 2%) contained porcine genomic inserts ranging from 70 to 300 kb (Fig. 2) . From these 180 clones, the average insert size was calculated as 133 kb. This suggests that the present library covers 4 . 4 genome equivalents, assuming that the swine genome is In order to verify coverage of the library, 22 superpools of the library were first screened for 124 microsatellite markers and SRY sequence (Rohrer et al. 1996; Pomp et al. 1995) . All the sequence except for SWR428 and SRY(123/125) were found in the superpools (Fig. 3) , indicating that the present library is unbiased. When the superpools were scored for each of the 125 sequences, it ranged between 0 and 10 with a mean of 4 . 3 (Fig. 3) , which is consistent with the genome coverage calculated in the above. Subsequent 4D-PCR screening was then done for 53 of the sequences. In 45 out of the 53 sequences (85%), a single positive clone was identified for each sequence, while for the other eight sequences (15%), a single superpool contained more than one positive clone. In the latter case, a third screening was required.
In conclusion, this porcine BAC library is a useful addition to the previously constructed porcine YAC library (Alexander et al. 1997) and should contribute to swine genome analysis. Superpools and 4D-PCR pools from this library are available for screening upon request. Fig. 2 . Size distribution of porcine genomic fragments inserted into BAC clones. BAC DNA extracted from 189 randomly selected clones was cleaved by NotI and subjected to pulse-field agarose gel electrophoresis with molecular size markers of gphage DNA ladder (Bio-Rad, Hercules, CA), in order to determine the size of inserts in the clones. The clones were scored for the insert size by every 5 kb intervals.
10 Suzuki, Asakawa, Iida et al. Fig. 3 . Presence of marker sequences in the library. Marker sequences selected from different regions of swine genome (Rohrer et al. 1996; Pompet al. 1995) werescreenedacrosstheporcineBAClibrary.Thenumberofpositivesuperpools foreachmarkeris shownon theright-hand side of the corresponding markers in the linkage map. 
